Compact, lightweight air-core pulse transformers in open air have been developed at the Air Force Weapons Laboratory (AFWL). A SHIVA Star capacitor bank module (36pF, 120 kV, 260 kJ) was used to drive a transformer for generating High Voltage (HV) pulses into resistive loads. Voltages reaching 400 kV were delivered to a 6 R load at a total energy delivery of 50 kJ to the load. In order to achieve single high energy pulses to the load, several fused primary concepts were investigated and developed. These concepts along with transformer construction and 1st order models of the system are presented.
INTRODUCTION

Power conditioning systems are necessary to adapt
High voltage, high enerthe electrical parameters of a prime power source to those necessary for the load. gy pulsers usually require insulating transformer oil and require large spacing for reducing the field quantities, which results in excessive weight and bulk, respectively. A few other difficulties associated with HV pulsers are: (1) obtaining simultaneity in triggering an array of switches, (2) managing extremely high internal field quantities, and (3) difficulty in designing high voltage components.
THEORY
In many instances, we used simp1 ifying approximations for various circuit parameters which were extremely useful In output pulse predictions. In one instance In particular, the extremely complicated transient electromagnetic diffusion was slmplif ied by static approximations. We show later (in Phase I1 experiments of the Results section), that this static approximation (without the complicated physics) was able to predict the actual results with a fair degree of accuracy. Also because M = k(L1L2)'I2, we must maximize the ratio
We have successfully generated voltage pulses, ranging from 150 kV to 400 kV, across resistive loads, from 6 to 12 R's, with a 1 microsecond (ps) or less risetime, delivering up to 50 kJ of energy during the first 5 ps. In order to continuously improve the output pulse, it was necessary for us to go through several iterations of fusing techniques (Phases I through IV) described In the Results. series of fuseless experiments which allowed us to model the system circuit parameters. added single fuses on the primary side for output pulse control. Phase I11 differed from Phase I1 by an added damping inductor for impulse voltage spike suppression. Finally, in Phase IV, we used a set of different fusing materials (aluminum sheets and. stainless steel shims) for improved fusing performance, as well as the damping inductor from Phase 111. Our best results were obtained in the Phase IV configuration. With optimized configuration and materials, this system could generate voltages approaching 1 MV across resistive loads of a few Ohms, and deliver up to 100 kJ of energy.
Phase I was a
In Phase 11, we nately, the size of L2 limits the risetime of the current to the load resistor R. If a fast risetime is desired, then the number of turns allowed on the secondary must be limited to satisfy the requirements. Again, for L1 >> Llstrays Eq. 9 may be simplified to (10) T = (n/2)(C1L1). 1/2 DESIGN meet specified parameters dictated by a designated load (see Table 1 ).
Our pulsed transformer system, was required to necessary to run "parameter search" shots. Data from these shots showed that enough energy could be extracted during the 1st quarter cycle of the pulse to satisfy the requirements listed in Table 1 Fig. 9 shows a circuit including the technique we employ to reduce the voltage backswing. Fig. 10 shows the system configuration. Here a As shown in Fig. 7 , the backswing on the voltage "voltage spike suppressor" inductor is placed in parallel with the fuse. The parallel inductor is a plate of steel (high resistivity, high Inductance due to the geometry) that is negligible in the circuit when the fuse i s "cold." When the fuse is heated, it become: highly resistive, and the inductor is "switched In. This "new" current path decreases the high di/dt, normally characterized by forcing the current through a higher inductance path. The increased series inductance in the primary circuit shows up as change in frequency as well as reduced amplitude. This i s evident in Fig. 11 , which is a plot of actual and computer generated Phase I11 data. In Phase I11 the decay constant was reduced to a point where ringing continued on for an unacceptable time: The next approach was to place a fuse of high resistivity (shim stock stainless) In parallel with the aluminum fuse. The rationale being a slow opening switch (i.e. microsecond time-scale), In parallel with the inductor to suppress any inductive spikes. The equivalent circuit of this set-up is shown in Fig. 12 . Unfortunately, no resistivity versus specific heat data was available for stainless steel, which prohibited the modeling of the parallel fuse. This configuration gave us the best results. A plot of this is shown in Figure   13 . A summary of experimental data is provided in Table 3 . 
CONCLUSIONS
We have demonstrated that pulse transformers can be used to match the low impedance of capacitor modules (a SHIVA module where [L/C]"2= 19 m), to high impedance loads of 6 to 12 PIS. The current interruption schemes employed were very effective in controlling the output pulses, but resulted in poor voltage transfer due to added stray inductance on the primary. Voltage transfer can be improved by minimizing the distance between the capacitor modules and the pulse transformer, but that results in an inability to interrupt the current on the primary. Fortunately, the Interruption of the current on the primary is not necessary, since the output feed of the pulse transformer can be made coaxial having one end connected to a load and the other to a crow-bar. Due to the output's insensitivity to small inductance changes the crow-bar can be used without degrading the output pulse. If a quarter cycle cosine pulse is acceptable, or the flat portion of the pulse is of sufficient duration for one's needs, the capacitor driven pulsed transformer may be utilized as a high voltage, high energy pulser. At present, the most common high voltage (>lo0 kV), high energy (> 10 kJ), long output pulse (> 1 ps) generator is a crowbarred Marx generator. In our experiments, we showed that the risetime of the pulsed transformer is comparable to Marx generators even with a low coupling coefficient of 0.82. With a coupling coefficient of 0.984, the risetime can be made as low as 100 ns, which is an order of magnitude faster. By comparison, the capacitor driven pulsed transformer is both very simple and compact.
